A context-aware and mixed-reality exploring tool cannot only effectively provide an information-rich environment to users, but also allows them to quickly utilize useful resources and enhance environment awareness. This study integrates Augmented Reality (AR) technology into smartphones to create a stimulating learning experience at a university in northern Taiwan. Some 100 freshmen volunteered for application testing. Students' reactions to AR mobile campus exploration experiences are assessed based on three facets: functionality, personal satisfaction, and effectiveness of learning. Findings of the study indicate positive reactions as follows: 4.18 (SD = 0.48) for functionality, 4.25 (SD = 0.60) for personal satisfaction, and 4.35 (SD = 0.59) for effectiveness of learning. From open-ended feedback, three positive reactions and one suggestion are inducted. Based on our findings, we suggest utilizing the proposed AR mobile touring system for wider educational purposes. It is hoped that the findings of this study provide a reference for further development and implementation of mobile AR learning systems.
INTRODUCTION
According to a report by UNESCO (2013) , within the next 15 years, mobile applications will proactively guide and support learners through activities appropriate 355 Ó 2014, Baywood Publishing Co., Inc. doi: http://dx.doi.org/10.2190/EC.51.3.e http://baywood.com to different settings and facilitate useful and lasting personal learning. The everevolving development of smartphones and the popularity of information technology have not only influenced the development of campus networks, but have also changed learning settings. The evolution of high-resolution cameras, big screens, and embedded GPS and compass technologies in mobile devices have brought about a new era in the mobile learning context (Bernardos, Corredera, Ramon, & Cano García, 2011) . Service providers can leverage both existing information and facilities layout for the design of innovative information environments that respond to users' shifting information needs (Hahn, 2012; Lázaro, 2012) .
With the advancement of mobile technology, augmented reality (AR) is increasingly used in mobile devices to satisfy location-based needs in specific learning settings. AR allows specific elements in a physical environment to be supplemented by virtual computer-generated sensory input. The implementation of AR helps people understand more detailed information about an environment (Forsyth, 2011) . When applied in specific contextual learning activities, locationbased information is critical for supporting students' outdoor learning. AR can be utilized to create rich information applications by using the geographical position of a mobile device. Researchers have designed applications to provide students learning content based on their real-time locations (Dow & Huang, 2011; Novak, Wang, & Callaghan, 2012) .
Augmented reality (AR) applications on smartphones can be particularly useful during student orientation when they are expected to both make a transition to the life on an unfamiliar campus and to be able to quickly navigate among different buildings that contain a multitude of academic departments and administrative offices (Boticki, Hoic-Bozic, & Budiscak, 2009; Jaramillo, Quiroz, Cartagena, Vivares, & Branch, 2010; Kurkovsky, Koshy, Novak & Szul, 2012; Mar et al., 2012) . Extending the real world with a layer of virtual information, AR enables seamless connection between digital and physical worlds; supports just-in-time, context-based, and ubiquitous learning; and can help to build knowledge-rich environments (Hwang, Chu, Lin, & Tsai, 2011; Novak et al., 2012) . Previous studies have identified AR simulation environments as an effective medium for enhancing collaborative learning (Liu, Tan, & Chu, 2010; Wang, Lin, Tsai, Duh, & Liang 2012) . Due to its unique characteristics, AR could be one of the advance technologies applied to education (Billinghurst & Dünser, 2012) .
Related literature has addressed the effectiveness of AR for situated learning. Bernardos et al. (2011) conclude that AR assists users' learning of location-based information by making information accessible, facilitating navigation of environments, and offering flexible, interactive, and appealing features. Wasko (2013) summarizes students' learning outcomes by investigating the enjoyment (motivation, interest, challenging, problem-solving, and critical thinking) they experience during AR exploration. Berthold, Steiner, and Albert (2012) emphasize selfregulated learning skills developed from using AR in project-based medical training, including memorizing, elaboration, organization, planning, self-monitoring, and time management. Mar et al. (2012) suggest the use of AR has satisfied students' needs in supporting learning and motivational elements in both formal and informal exploratory activities. With regard to location-based and real-time learning needs, Chang and Liu (2013) and Novak et al. (2012) conclude that AR provides situated learning opportunities and helps learners construct their understanding through just-in-time, context-based elements in knowledge-rich environments.
Integrating AR technology into smartphones provides learners with a usercentered, visualized operation and context-aware personal campus navigation experiences. This study explores how an AR mobile touring system was developed and evaluated among users. Specifically, the study explores (a) students' experiences using the functions provided by the AR mobile touring system, (b) students' satisfaction with location-based learning, and (c) the effectiveness of using the tool for learning.
METHODOLOGY
This study adopts application prototyping and questionnaire survey methodologies to elicit feedback from college freshmen. First, in order to study how students use an information-rich and self-guided AR tool during campus orientation, a prototype mobile campus touring system employing AR technology was developed at Fu-Jen Catholic University. Formative evaluation was employed during the development phase to gather users' feedback and suggestions. The final version of the AR touring system was adjusted accordingly. The system was then introduced to 100 volunteer freshmen. Overall reactions toward the systems were gathered through a questionnaire.
Development and Application
The development of the mobile campus touring system applied the freeware tool Layar as it supports the majority of smartphone platforms, including iOS, Android, Symbian, and Blackberry. Hoppala was used as the data server to store relevant geospatial information for effective guidance. Photoshop was used in designing tags for AR points of interests (POIs), Audacity was used for audio tour recordings, and a camera was used for taking photos of POIs to supplement descriptions. The system was tested in both Android and iOS smartphone platforms for comparability (Table 1) .
The system structure consisted of two databases and three interfaces. The developer or the administrator used both Layar and Hoppala accounts via the Web to implement the mobile campus touring system. To run the system, users had to download the Layar application to their smartphones and search for the Fu-Jen Catholic University mobile campus touring system to start navigation. Via WIFI or 3G Internet connections, and GPS and compass sensory technology, real-time geospatial information on the campus was displayed on the screens of users' smartphones ( Figure 1 ).
When the sensors of both the GPS and the compass were triggered, associated POIs (such as departments, libraries, dining areas, sport fields, or dorms) within the searchable radius then appeared on the screen in the form of AR tags overlaid on a physical surrounding object. Users further scanned 360 degrees for a specific POI and then tapped on the designated AR tag for further actions, such as text description, audio touring guide, phone numbers for either direct phone calls or text messaging, directions, social network sharing, and so on ( Figure 2 ). The system operations included scanning, radius-setting, searching, accessing, filtering, browsing, action-selecting, directions, and sharing ( Figure 3 ).
Assessment
At the end of application testing, summative data were collected. Volunteer recruitment for experimentation and evaluation of the system was conducted 358 / CHOU AND CHANLIN among freshmen through invitations in freshmen classes and DMs on school bulletin boards (both electronic and physical) during the first month of the semester. A total of 100 students signed up to participate in the study. Each student was asked to complete a task sheet in which 13 tasks were given (such as describing directions and names about specific locations, providing background information about specific buildings, and demonstrating one's understanding about assessing specific important information from the AR mobile touring system). To accomplish the tasks given, students were requested to familiarize themselves with both the operation and the use of special functions embedded in their smartphone for retrieving relevant location-based information. After completing the task sheet, students responded immediately to a set of questionnaire items to express their reactions to their learning experience. Each student learned independently and responded individually. It took each individual about 20 to 30 minutes to finish the tasks and fill out questionnaire items. The questionnaire contained 25 items. It assessed students' learning reactions after exploring the location-based information embedded in the system. The structure of the questionnaire items was framed based on theoretical issues addressed in related studies (Bernardos et al., 2011; Berthold et al., 2012; Chang & Liu, 2013; Jaramillo et al., 2010; Mar et al., 2012; Novak et al., 2012; Nurminen, Jarvi, & Lehtonen, 2014) and the needs of users (formative assessment in the prototype version of the system) ( Table 2 ). The first section of the questionnaire covered basic information about students (gender, college, activities via cell phones, and experiences finding locations). The second section of the questionnaire assessed students' learning and reactions to the AR mobile touring system, including the functionality of the AR mobile touring system (stability, content categorization, positioning, audio guide, and textual guidance), personal satisfaction (enjoyment, interest in interactions, personal importance, and exploration enjoyment) with the location-based learning experiences, and perceived effectiveness of using the tool for learning (tagging sufficient information, helpfulness in learning, and guidance to target locations). A Likert's 5-point scale was adopted to obtain summative data. Data from a total of 100 participants were collected and processed using SPSS (Statistical Package for the Social Sciences).
FINDINGS Prior Experience Among Subjects
Of the 100 volunteers, 37 were males (37 %) and 63 were females (63%). Most students used their cell phones for various activities, including making phone calls and text messaging (100%), calculating (77%), playing games (61%), and setting personal calendars (61%). Most of their campus exploration experiences included asking passersby (61%), following instincts (60%), and using signposts (59%). Only 23 students (23%) used online maps, and only 3 students (3%) used smartphone guidance. According to their responses, the AR mobile touring system was a new experience for them. 
Functions of the AR Mobile Touring System
From students' responses to questionnaire items, the mean score for the function of AR mobile touring was 4.18 (SD = 0.48). As shown in Table 3 , the majority of students strongly agreed that "3. This system is easy to handle"; "5. The audio tour guide provides me with deeper information about various points of interest"; and "8. Categorization of information helps me to identify targets." Most mean scores were above 4.00. From these results, most students were positive about functions such as positioning, quick response, ease of use and handling.
Personal Satisfaction With Learning
From the questionnaire responses, the mean score for personal satisfaction with learning was 4.25 (SD = 0.60). As shown in Table 4 , the majority of students strongly agreed that "9. I enjoy navigating the campus touring system for real-time interaction with the environment"; "10. This campus touring system gives me the freedom to interact with the new environment by myself"; "12. I like the social networking features provided by the system"; "13. I enjoy using this campus touring system to explore the school"; "14. I will recommend this system to 362 / CHOU AND CHANLIN others"; and "15. Google direction guidance in the system is important to me." Most mean scores were above 4.00. Based on these results, most students enjoyed using these real-time, self-guided, and social networking campus navigation services. They felt satisfied using the tool for location-based learning.
Effectiveness of Learning
Based on responses related to the effectiveness of learning, the mean score was 4.35 (SD = 0.59). As shown in Table 5 , the majority of students strongly agreed that "17. This system provides me with correct information about buildings"; "18. The information integrated with the physical objects helps me become familiar with the environment"; "19. The use of visuals provides helpful representations 9. I enjoy navigating the campus touring system for real-time interaction with the environment 10. This campus touring system gives me the freedom to interact with the new environment by myself 11. The experience of mobile learning triggers my interest to explore the campus 12. I like the social networking features provided by the system 13. I enjoy using this campus touring system for learning through exploration 14. I will recommend this system to others 15. Google direction guidance in the system is important to me 16. Social network capability is very important to me The average score for the personal joyfulness in learning 4.25 0.60
for comprehension"; "22. AR tagging provides enough contextual descriptions"; "23. The direction guidelines on the system take me to the target locations accurately"; and "24. This system provides me everything I need for touring the campus." Mean scores were all above 4.00. From these results, most students were pleased with the AR campus touring system for it helps them become familiar with the campus (Table 5) .
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Open-Ended Feedback
From open-ended feedback, students gave three major positive feedbacks and one suggestion. About the positive feedback, the majority of the users highly valued the augmented information. They enjoyed gaining awareness and using this personal mobile learning module to acquaint themselves with the new environment. They felt this service offered immediate information to satisfy their timely needs. As for the suggestion, seven users responded negatively toward the font size of the system. They felt it was difficult to read descriptions on the small screen of their smartphone.
DISCUSSION
In this study, students' experiences in three facets of the AR mobile touring system were evaluated, including the function of the AR mobile system, personal satisfaction, and the effectiveness of using the tool for situated learning. Even though only 3% of students had experience using smartphone direction guidance and 25% of students had used an online map for campus exploration, the majority of students reacted positively to the functions of the AR mobile campus touring system. Similar findings have been reported in related studies showing that most students appreciate the exploration of various functions embedded in AR for location-based learning (Lee, 2012; Novak et al., 2012; Rockwell et al., 2014) . Integrating functions of AR and geographical positioning in a mobile device creates a new experience for users exploring rich location-based information. In our study, students' valued the functions of the AR mobile system highly. The enriched environment information system helped freshmen become familiar with the new environment.
Students perceived high levels of personal satisfaction with the experiences of both real-time interaction and self-guided navigation in the campus touring system. As noted by Pribeanu and Iordache (2010) , AR technology encourages students to learn theoretical knowledge through practical experiences learned from constructive activities. In our study, we found that students were satisfied with the proposed self-guided AR system. These freshmen felt freedom to explore the unfamiliar campus with both joyfulness and ease.
Students also highly valued the effectiveness of using the tool for location-based learning. With the capability to enhance seeing, hearing, and feeling from diverse input, students learn efficiently from AR experiences (van Krevelen & Poelman, 2010) . In our study, most students considered the tool helpful in reaching a target location efficiently and providing opportunities for helpful and effective learning.
There are limitations in the current study, given the fact that only a limited number of users participated in the study and variations in individual or gender differences were not analyzed. Bao, Xiong, Hu, and Kibelloh (2013) suggest that computer self-efficacy and individual differences might play a role in a self-exploration learning mobile environment. Kay and Lauricella (2011) and Schumacher and Morahan-Martin (2001) address gender differences in computer attitudes, ability, and use. Other studies also suggest that a great deal of technological effort is needed to merge AR applications in support of multiuser collaboration in real time (Carmigniani et al., 2011; Yang, 2012) . Mobile devices are limited by some major factors, including small input interfaces and small displays . Putting rich information onto the screen of a mobile device creates a big challenge in structuring and sequencing needed information in a timely fashion. Further innovation is still needed to fulfill users' specific needs.
CONCLUSIONS
This study utilizes Augmented Reality (AR) technology and smartphones to implement a mobile campus touring system. Throughout the development and evaluation of the AR mobile touring system, students' reactions to the use of system were gathered. The majority of the users highly valued the use of visualized augmented information in the AR campus touring system. They also appreciated gaining situated awareness and using the AR mobile campus touring system to acquaint themselves with the new environment. Different from other touring systems, this AR campus navigation application offers immediate information to satisfy students' timely needs.
The use of the AR mobile tool provided students with context-aware locationbased learning experiences. However, some research limitations and developmental issues should be well considered. Future studies of gender differences and self-efficacy issues might be investigated in relation to learning outcomes. We expect that this AR mobile touring system can allow freshmen to readily experience interactive learning. It is also hoped that, in the future, the use of AR can be applied in more learning settings on campus as an innovative alternative for bringing experiential and ubiquitous learning to students.
